Background. The present study was undertaken to determine the effect of local and systemic inflammation on the quantity and localization of gingival mesenchymal stem cells (gMSCs).
Introduction
esenchymal stem cells (MSCs) are nonhematopoietic, adherent fibroblast-like cells and are described as multipotent stromal cells that can differentiate into a variety of cell types. 1 MSCs exist in almost every adult tissue, such as bone marrow, neural and oral tissues. They have the intrinsic ability of self-renewal and multi-lineage differentiation. Of those, MSCs derived from umbilical cord blood and adipose tissues are capable of giving rise to at least three cell lineages: osteogenic, chrondogenic, and adipogenic. Mesenchymal stem cells derived from bone marrow may give rise to other li- neages such as myogenic, neurogenic and tenogenic cells. 2 This makes stem cells crucial in the repair or regeneration of injured tissues; as demonstrated in bone morrow-derived MSCs by displaying mobilization and homing properties similar to immune cells in response to injuries and inflammations. 3 The production of anti-apoptotic molecules and antiinflammatory cytokines at the sites of injury are critical in the MSC-mediated anti-inflammatory activities. 4 The minimum criteria prescribed to identify a cell as MSCs are to: (a) remain plastic-adherent under standard culture conditions; (b) express CD105, CD73, and CD90, and lack expression of CD45, CD34, CD14, CD19, and HLA-DR; and (c) differentiate into osteoblasts, adipocytes, and chondrocytes in vitro. 5 Recent research has identified oral tissues as an accessible and feasible alternative source for MSCs. [6] [7] [8] [9] The orofacial region contains a variety of MSC populations, including dental pulp stem cells, periodontal ligament stem cells, apical papilla stem cells, and dental follicle stem cells. 6 In comparison with the well-studied bone marrow-derived MSCs (BMSCs), the characteristics and behavior of MSCs derived from oral tissues remain largely unexplored. Gingiva-derived MSCs (gMSCs) were isolated and characterized as having multi-lineage differentiation capacity and immunomodulatory properties. 4 It was found that gMSCs express CD29, CD44, CD73, CD90, CD105, CD146, and STRO-1. 10 These findings suggested that human gingival tissues act as a unique reservoir for progenitor stem cells.
Gingivitis is a reversible form of inflammation in response to the presence of dental plaque biofilm without the destruction of the periodontium. [11] [12] Periodontitis is a microbial-induced inflammatory disorder of the periodontium, characterized by the destruction of the periodontal attachment. 13 Tang et al isolated and characterized gMSCs from normal and hyperplastic gingival tissues and found that they displayed highly clonogenic and long-term proliferative capability, as well as self-renewal and multipotent differentiation properties.
14 Stem cells isolated from inflamed human periodontal ligament (PDL) exhibited enhanced migratory potential when compared to stem cells isolated from healthy human PDL. 8 Studies on PDL stem cells and dental pulp stem cells revealed that inflammation leads to activation of latent stem and progenitor cells. However, no study has investigated the effects of local inflammation on the number of gMSCs.
Type II diabetes mellitus (T2DM) is a common disorder, caused by a combination of genetic and non-genetic factors that result in insulin resistance and insulin deficiency. [15] [16] [17] A chronic low-grade inflammation exists in patients with T2DM 18 and epidemiological studies have reported an increase in plasma levels of inflammatory markers like CRP, IL-6 and TNF-α in T2DM patients. 19, 20 Hyperglycaemia in diabetes leads to increased non-enzymatic protein glycation and the formation of advanced glycation end products (AGEs) which cause the apoptosis observed in MSCs, 21 which in turn is responsible for the reduced numbers of stem cells found in diabetic subjects.
To date, no studies have evaluated the effect of both local inflammation (gingivitis and periodontitis) and systemic inflammation (T2DM) on gMSCs. The aim of this study was to determine whether local and systemic inflammation affect the number of gMSCs. We hypothesized that more gMSCs would be present in the gingiva of patients with local inflammation when compared to those with healthy periodontium. We also hypothesized that there would be a reduction in the number of gMSCs when there is an added low-grade systemic inflammation (T2DM). We expected that these cells would be localized near the blood vessels of inflamed connective tissues.
Methods
A pilot cross-sectional clinical study was conducted to compare the effect of diabetes and local periodontal inflammation on the quantity of gMSCs. The study was conducted in accordance to standard ethical principles and had the approval of the university's Joint-Committee of Research and Ethics (Research No. IMU264/2012).
Collection of human gingival samples
Human gingival samples were collected from two groups of subjects. Group 1 comprised systemically healthy subjects (n=34) and group 2 consisted of type II diabetes mellitus (T2DM) subjects (n=10). Each group comprised subjects with healthy gingiva, gingivitis and periodontitis. Healthy periodontium was defined as having periodontal probing depths of not more than 2 mm and bleeding on probing in ≤15% probing sites. Gingivitis was defined as having periodontal probing depths of ≤3 mm with bleeding on probing in at least 25% of probing sites. Periodontitis was defined as the presence of at least one site with probing depths of ≥5 mm. T2DM was d efined on the basis of: (1) a reported physician diagnosis, and (2) use of medications to control the disease. Subjects with borderline diabetes, immunocompromised subjects and those who were on immunosuppressants were excluded.
All the gingival tissues were obtained during dental procedures based on the treatment plan of each subject. This ensured that the samples were collected as part of their planned treatment and not solely for the purpose of this research. Written consent was obtained from all the participants. The samples collected were fixed in 10% formalin solution.
Laboratory procedure
The samples were embedded in paraffin blocks and serial sectioning was prepared in 4-µm thicknesses. The sections were dewaxed in xylene and hydrated through graded ethanol. Staining with hematoxylin and eosin (H&E) and immunochemistry reactions were carried out to confirm the inflammatory status of every sample and to identify gMSCs, respectively.
Immunohistochemistry
Each immunostaining procedure was carried out at room temperature (32°C). CD105 (Endoglin) was selected as a surface marker to identify gMSCs. The sections were treated with and placed in preheated citrate buffer at pH=6 and then heated at 99°C for 20 minutes. The slides were left to cool to room temperature before rinsing in PBS solution. Peroxidaseblocking solution was used to block endogenous peroxidase activity. A serial dilution of the antibody was carried out for optimization. The 1:1000 ratio of antibodies gave rise to optimum staining and the sections were incubated with this concentration of primary antibody.
The sections were then rinsed with phosphatebuffered saline (PBS) solution and a secondary antibody was applied. The sections were then washed again in PBS solution. Finally, the sections were counterstained with hematoxylin and eosin for light microscope analysis.
Histological analysis
The slides were placed under a light microscope (Nikon Eclipse 80i Microscope) for examination. H&E-stained sections were used to identify the presence of inflammation. The immunohistochemicallystained slides were used to quantify gMSCs. Three areas in each section containing most densely populated immune-positive fibroblast-like cells (gMSC) were selected for quantification. Before quantification of the cells, the examiners were trained and calibrated to achieve reliable statistical results. Intraand inter-examiner reliability values ≥0.75 were achieved prior to the actual quantification of gMSC. The results were expressed as density of gMSCs (number of cells/300 µm 2 ). Data were analyzed with SPSS 20, using two-tailed independent t-test and the level of statistical significance was set at P<0.05.
Results

Human gingival tissues contain cells expressing mesenchymal stem cells markers
H&E-stained sections revealed that under local periodontal inflammation, tissue samples exhibited thickened and elongated rete ridges with abundant cellularity and extracellular matrix within the lamina propria, as well as increased proliferation of blood vessels when compared to that of healthy gingival samples (Figure 1 ). Samples of gingival lamina propria from both the healthy and T2DM group exhibited positive staining for CD105 (Figure 2 , yellow arrow). The gMSCs exhibited typical fibroblastic morphology with round or oval-shaped, intense hematoxylin-stained nuclei. The distribution of gMSCs was mainly located in the paravascular regions (Figure 2 , red arrow).
Locally inflamed gingival tissues showed increased number of gMSCs
More areas of cells with positive staining were observed in the gingival samples from gingivitis and periodontitis sites than that in the healthy gingiva. In the 13 healthy gingival samples studied, the mean gMSCs density was 24.54 cells/300 μm 2 . The mean density of the 12 gingivitis-affected tissue samples was 30.22 cells/300 μm 2 . In the 9 periodontitisaffected gingival samples, the mean density was 33.74 cells/300 μm in diseased tissues was significantly more than that of normal tissues (Tables 1 and 2 ). Periodontitisaffected samples displayed a greater density of gMSCs when compared to gingivitis-affected samples, but this increase was not significant (Table 3) .
T2DM did not affect the number of gMSCs in patients with periodontitis
Due to the small sample size for both healthy and gingivitis subjects of the T2DM group, these subjects were not included in the independent t-test analysis. However, little difference was noticed in the density and distribution of gMSCs in both groups. In the presence of added low-grade systemic inflammation due to T2DM, the density of gMSCs from periodontitis-affected samples in group 2 (27.33 ± 9.10 cells/300 μm 2 ) was less than that in group 1 (33.74 ± 4.63 cells/300 μm 2 ). However, this difference was not statistically significant (Table 4) .
Discussion
In this study, we hypothesized that more gMSCs would be present in the gingiva of patients with local inflammation (gingivitis and periodontitis) and a decrease in gMSC counts when an added low-grade inflammation (T2DM) was present. We confirmed that gMSCs were present within the gingival connective tissues through the expression of CD105 cell surface marker. 10 The identified gMSCs tended to aggregate in the vicinity of blood vessels.
There are currently various sources of dental tissue stem cells with therapeutic uses, such as stem cells obtained from the dental pulp, exfoliated deciduous teeth, periodontal ligament, apical papilla and gingiva. However, most of these sources of stem cells require tooth extraction. The human gingiva has been found to be an excellent but least invasive source for MSCs. They are considered to be genuinely renewable because regeneration of gingiva after injury usually takes place in a short time period. Moreover, the gingiva is easily accessible in the oral cavity and can even be easily obtained as a discarded biosample.
In the present study, we compared the density of gMSCs in localized inflammation with that in a healthy state. In both healthy and diseased gingivae, immunostaining showed paravascular positivity for the CD105 marker. Our results were supported by the findings of Chen et al in 2006, who reported that the progenitor cells are located in areas 0-20 μm from the perimeter of blood vessels. 22 CD105 surface antigen was also expressed by the endothelial cells of blood vessels. 23 This could explain the nonspecific positive staining of peripheral vasculature which might be mistaken for gMSCs.
Gingivitis is a reversible form of inflammation in response to mature dental plaque biofilm without the involvement of the periodontium. 11, 12 Periodontitis is an inflammatory condition which induces periodontal tissue connective matrix destruction, results in the loss of fibrous attachment and alveolar bone resorption, and impairs new bone formation. 24 The increase in the number of stem cells during inflammation can be attributed to two reasons: (1) increased migratory capacity and (2) increased proliferative activity. 3, 8, 25 Currently, it is still questionable which of these two plays a bigger role. In both gingivitis and periodontitis where an inflammatory microenvironment exists, this is always associated with the activation of inflammatory cells like macrophages, neutrophils, and adaptive immune cells. Cytokines that are released include IL-1β, TNF-α, IL-12, IL-1α and many more. 12 The increase in stem cells during inflammation is thought to be due to the migratory activity of cells in response to inflammatory mediators (TNF-α, IL-1β, free radicals, chemokines and leukotrienes) that are produced by phagocytes in response to damaged cells and spilled cell contents. 8 The migratory process of MSCs involves the interaction between released chemokines/growth factors at the site of injury and chemokine receptors on the MSC. Hence, the entire event eventually orchestrates changes in the microenvironment that result in the mobilization and differentiation of MSCs to replace damaged tissue cells. In 2011, Park et al reported that the proliferative potential did not differ between healthy and inflamed periodontal ligament MSCs; however, the migratory capacity significantly increased in the inflamed group. 8 Although the density of gMSCs in periodontitis-affected group was higher than that of the gingivitis group, this was not statistically significant. This could be due to the similar entities of local inflammation between gingivitis and periodontitis, hence affecting the number of gMSCs the same way. However, future studies are needed to understand the exact reason.
In this study, the increase in the number of gMSCs in gingivitis and periodontitis could potentially be due to an increase in migratory capacity of the cells. Subclinical low-grade systemic inflammation and abnormalities of virtually all the systemic indicators of inflammation have been reported in T2DM. [26] [27] [28] [29] [30] This includes increases in acute phase proteins, cytokines, mediators associated with endothelial activation and chemokines. It has been reported in previous studies that the presence of a hyperglycaemicinduced oxidative stress in diabetes mellitus subjects impairs the migration of MSCs. 31 Hyperglycaemia in diabetes mellitus generates oxidative stress, which in turn causes damage to the cells. Oxidative stress occurs when free radical production exceeds the body's ability to neutralize them. The imbalance happens due to decreased antioxidant production, and when free radicals are produced in excess. High glucose levels produce reactive oxygen species as a result of glucose auto-oxidation, metabolism and development of advanced glycosylation end products. Apart from that, inflammation is intensified with significant release of pro-inflammatory chemokines and/or cytokines from MSCs. This phenomenon, with diabetic milieu, further damages cellular function, mitigating the therapeutic effects of MSCs in diabetes. 32 Although a local inflammatory state (periodontitis and gingivitis) increases the number of gMSCs significantly, we found no difference in the number of gMSCs when an added systemic inflammation (T2DM) was present in periodontitis subjects. T2DM could have mitigated the increase in the number of gMSCs due to local inflammation as seen in periodontitis-affected samples. However, the exact mechanism is still unknown and should be addressed in future studies.
One of the strengths of the present study was the quantification of gMSCs when comparing local and systemic inflammation on the periodontium. This has not been carried out in other studies. The use of immunohistochemistry in identifying gMSCs has already been adopted by several studies. 6, 10, 22 Quantification of gMSCs in our study was achieved by counting the cells in each focus, instead of using flow cytometry which was a more reliable method. However, the density of gMSCs could not be ascertained by the flow cytometry technique which led us to use the present technique for quantification. There were limitations as stem cells in the present study were not cultured as well as stained by additional stem cell markers and the counting procedures were quite subjective to the identification of gMSCs by different examiners. However, these limitations were minimized by intensive calibration and assessment with adequate agreement among examiners.
Conclusion
Gingival mesenchymal stem cell populations can be localized by using antibodies against cell-surface antigens known to be expressed on these cells (CD105). Our study highlighted the possible changes of gMSCs populations in a state of local inflammation (i.e. gingivitis and periodontitis) and systemic inflammation. Local periodontal inflammation increased while T2DM did not appear to affect the number of gMSCs in patients with periodontitis. Therefore, for therapeutic purposes in the future, this opens up the pool where gMSCs can be harvested from, regardless of the diabetic status of the patient. Gingival MSCs can be harvested from inflamed gingival tissues as an alternative and easily accessible source of multipotent stem cells for clinical and research uses. Studies have already begun to recognize gMSCs as a therapeutic potential for clinical application. Substantial advances in stem cell research have been made in the laboratory, and application of these advances in the clinical practice is a challenge to overcome. Given the limitations of this study, further clarification is necessary to establish the role of the apparent increase in gMSC counts in inflammatory conditions and whether these cells migrate into the inflamed area or necessarily replicate.
